In the late 1970's. due to increasing electric energy costs and the potential for power interruption at Solar Turbines Incorporated's Harbor Drive manufacturing facility, management evaluated several self-generating options available at the time. With large fluctuating loads and a very limited need for thermal energy, the appropriate solution was determined to be peak shaving.
In 1980, a 2.5-MW dual fuel industrial gas turbine generator set was installed. Its intended operating cycle was during onpeak billing periods, 5 days a week throughout the year. Through August 31. 1993, the system has accumulated 22,743 hours of use and 3879 starts. Its overall start reliability has been 99.9% with an availability of 98.2%. Payback on the installation was in 4.2 years. It has continued to generate savings since installation, with net savings for 1992 alone exceeding $470,000. This paper highlights the key aspects of the economic methodology justifying installation of the peak shaving system. operating procedures, maintenance practices and system modifications put in place over the life of the installation.
BACKGROUND
From 1976 through 1978, the electric utility bill at the Harbor Drive facility had more than doubled, while the overall electricity consumption remained nearly flat. A review of the energy situation indicated that the main cause of the increase was the industrial electric rates increase charged by the local utility. Much of the rate increase was driven by a rapid rise in fuel prices that the utility was forced to pay and pass on to their industrial, commercial and residential customers. However, a considerable portion of the increased cost could be traced to the rate structure, particularly the peak demand charges which were designed to strongly discourage peak period usage by industrial and commercial customers. In fact, due to shortfalls in generating capacity by the utility, a serious potential for electrical power interruptions in the form of brown-outs and black-outs existed.
A team was established to investigate various alternatives intended to reduce or at least slow the increase in electricity cost After several discussions with the utility, it was determined that a change in rate structure or a reduction in electric rates was not likely in the near future. Therefore, a thorough review of the current and future energy demands of the Harbor Drive facility was done. This formed the basis of an economic model that would be used to evaluate proposed technical solutions intended to meet the projected demand in the most cost-effective manner. Due to the lack of a significant or consistent thermal load, a cogeneration system was considered but eliminated as a viable alternative. Next, every effort was made to levelize the electric load but manufacturing operations could be shuffled only slightly. In addition, a large portion of the electricity demand was for office facilities and administration which occurred during peak demand hours. Thus, a peak shaving, self-generating system was evaluated, proposed and eventually installed at the Harbor Drive facility.
ECONOMIC JUSTIFICATION
The electric demand profile for a typical winter and summer day for the plant is shown in Figures 1 and 2 . The demand profile for this facility has varied only slightly over the years since the peak shaving unit was installed. However, in the late 1970's the economic evaluation plans for the facility were not entirely clear. Several business planning scenarios were under consideration that had the potential of varying the electricity demand considerably. It was determined that demand, under all options being considered, would not fall below 3 MW during onpeak periods for at least the next 10 years. Therefore, peak shaving capacity up to that amount was considered for evaluation. 
FIGURE 2. TYPICAL SUMMER DAY -1993
Utility billing procedures to industrial customers take a number of factors into consideration including: supply voltage, demand levels, periods of usage and the quantity of electricity used. Generally, most utilities in the world charge a fixed amount per month per kilowatt for the highest demand incurred during a rate period and then add to that a usage charge for the quantity (kWh) supplied during that same period. Thus, average electric rates (i.e., the total demand charge plus usage charge divided by the total kWh) can vary significantly based on the load profile of the user. The rate structure for San Diego Gas and Electric (SDG&E), the utility serving this plant, is summarized in Table 1 . When these rates are applied to the demand curves previously presented, the average electric rates for on-peak, semi-peak. and off-peak periods are 0.1428, 0.0581, and 0.0579 $/kWh in the winter and 0.2545. 0.0660, and 0.0583 $/kWh in the summer. respectively. There is a large spread between onpeak and off-peak rates. In fact, for the typical summer day shown in Figure 2 , the demand charges represent 50% of the electric cost for this facility.
One of the key elements of the demand charge structure is that the highest measured electricity demand (which is recorded every 15 minutes) is charged for the entire billing period. In the early 1980's, the peak demand reached at the facility was carried forward and applied to the electric bill for several months. This practice, known as "ratchet charges" was dropped by SDG&E in the mid 1980's, the demand rates were raised, and the peak demand became applicable for the month incurred. With either a monthly rate structure or a ratchet structure, extremely high reliability of the system is essential. A failure during a peak period could result in lost savings for the month the failure occurred. A multiple unit installation would provide the highest reliability, but space and maintenance considerations precluded that option. Thus, it was determined that a single, highlytellable, dual fuel gas turbine peaking unit would be the best technical choice. In addition, it was decided that the unit should be run at its continuous duty rating rather than a peak rating to further enhance its reliability and durability.
In 1979, it was estimated that installing a 2.5-MW nominally rated gas turbine would cost $750,000. This included the gas turbine generator set package, civil work, installation. switchgear and a fuel gas compressor. In 1993, that cost is estimated at $500 to $550 per kW installed. Anticipated savings from the system installed at the Harbor Drive facility were projected to exceed $150,000 for the first year and grow at 5% per year. This was based on a 99+% reliability and a 98% availability with routine maintenance to be performed during off-peak periods and weekends. This equates to a 4-year payback and a 20% Internal Rate of Return (1RR).
EQUIPMENT INSTALLATION AND START-UP
The Harbor Drive facility is located on 25.6 acres near the center of the city. A layout of the plant is shown in Figure 3 . A location near the main 12.4 kV feeder from the local utility and the natural gas and liquid fuel supplies was selected as the most appropriate spot to install the gas turbine generator package RED4010.1 ELECTRIC OUT GAS IN I=1 FIGURE 3. HARBOR DRIVE FACILITY and control system. Work began in January 1979 with installation layout drawings and the ordering of long lead time equipment. This equipment included the dual fuel gas turbine generator set with a I2.4-kV, 60-Hz alternator, an electric driven reciprocating fuel gas compressor and switchgear. The gas turbine chosen was a 2.5-MW continuous duty, ISO-rated. Centaur °1-4000 model gas turbine generator package. The fuel system was designed to operate on either natural gas or No. 2 diesel. The start system was designed for black start using a 150hp turbine driven hydraulic motor. The control system was a relay logic sequencing system remotely mounted in the power control room adjacent to the gas turbine.
The equipment was on site by January 1980. Startup of the equipment began March 1 and was completed by May 11. A total of 47 hours of peak shaving system testing was done during the start-up period. Paralleling with the utility and peak shaving began on May 12. 1980. The completed installation is shown in Figure 4 .
OPERATION AND MAINTENANCE
The peak shaving plant operates 5 days a week throughout the year. In San Diego, there are two rate schedules applicable for industrial users. Each schedule covers about half the year. Table  2 contains the dates and times that the on-peak, semi-peak, and Routine maintenance con ists of monitoring engine and package readings, analyzing oil samples every 1000 hours of operation. performing internal borescope inspections every 4000 hours, and changing filter elements as required. Package oil was changed as a precautionary measure in November 1980 after a successful initial 6-month operating period. Since that time, there have been no oil changes and only 167 gallons have beenadded (0.0073 gph). Since there is an 8-hour per day operating cycle, one dedicatedoperator has been assigned to operate and maintain the gas turbine package and supporting systems. The operator has the responsibility of starting and monitoring the unit plus evaluating the electricity and fuel costs to ensure that the system is producing a net energy savings for the facility. Economic reports of the peaking plant are produced monthly.
Since start-up in May 1980, the unit has been down for repair or system modification a total of 44 days. Table 3 lists the periods of downtime and highlights the reasons for nonavailability. This represents an overall availability of 98.7% and an on-line reliability of 99.9%.
Initial reaction by the utility to the proposed peak shaving system was not positive since their experience with gas turbine peaking units did not demonstrate that a single unit could achieve the level of reliability necessary to meet the technical and economic objectives. They did allow paralleling with the grid, hut no exporting of power and no dispatching of the unit by the utility was incorporated into the system design. However, with the demonstrated reliability and availability of the system SDG&E is now supportive of this system and discussions on the dispatchability of this unit by the utility have begun. In addition, the plant load is increasing and evaluation of an additional peaking unit are underway.
SUMMARY OF OPERATIONS
The peak shaving system has operated successfully for over 13 years. The following is a summary of the key operating statistics for this installation from May 11,1980 through August 31,1993 • The technical criteria established prior to the installation of this system have clearly been met or exceeded.
Economic justification was also satisfied in the time frame of the original analysis. However, the economic justification used to approve the project is only a minimal criterion since the system was expected to produce favorable economic returns well after the unit paid for itself. Table 4 shows the savings for each of the thirteen years of operation. This clearly demonstrates the systems viability and favorable long-term savings to the company. In fact, the installed cost of the same system today is estimated to be $1.5 million. Based on the estimated savings for 1993 shown in Table 4 , a similar decision would be equally justifiable now.
In summary, we have shown that a gas turbine peak shaving system can be economically-justified, designed, installed and operated for a significant period of time at a large industrial manufacturing complex. It has been further illustrated that selfgeneration in a form other than a cogeneration system can
